used the similarity between chromosomal morphology, allozymes, morphometrics, and phallic morphology to propose that xanthonotus be treated as a subspecies within P. parvus, and it subsequently has been considered as such (Williams et al. 1993; Wilson and Reeder 2005) . Following that revision, the P. parvus species group of Osgood (1900) is now composed of 2 species, P. parvus and P. alticolus. The latter, restricted to enclaves of Great Basin shrub-steppe habitat in the Tehachapi (P. a. inexpectatus) and San Bernadino (P. a. alticolus) mountains of southern California, is considered an International Union for Conservation of Nature (IUCN) Red List endangered species (Linzey and Hammerson 2008) , and has been suggested to perhaps be only subspecifically distinct from P. parvus (Williams et al. 1993 ), although we refer to it as a separate species throughout this study.
The P. parvus species group comprises a monophyletic clade in relation to 3 additional species groups within the genus according to molecular (Alexander and Riddle 2005; Hafner et al. 2007 ), morphological (Osgood 1900) , and karyological (Williams 1978) evidence. The clade containing P. parvus previously was estimated from a molecular phylogenetic analysis to date to about 17-15 million years ago (myaHafner et al. 2007 ). Furthermore, the extinct species Perognathus stevei-described from Hemphillian North American Land Mammal Age (about 10-5 mya) specimens in deposits east of The Dalles, Oregon (Carrasco et al. 2005 )-was considered similar to extant P. parvus (Martin 1984) . Geographic ranges of extant species groups in the genus Perognathus suggest further that P. stevei is an extinct member of the parvus species group: 2 (the longimembris and flavus groups) are residents primarily of warm deserts, grasslands, and steppes far to the south and east of this Columbia Plateau locality; another (the fasciatus group) resides in grasslands east of the Rocky Mountains. In combination, molecular phylogenetic, fossil, and geographic evidence suggest a long history of endemism of the P. parvus species group in the Columbia Plateau and Great Basin provinces of western North America.
Previous karyological and mitochondrial DNA (mtDNA) studies provided provisional evidence for intraspecific divergence, including presence of at least 2 separate evolutionary lineages, embedded within P. parvus. First, Williams (1978) identified marked variation in karyological fundamental number (FN) between individuals representing a Columbia Plateau subspecies (P. p. columbianus, diploid number [2N] ¼ 54, FN ¼ 104, X ¼ submetacentric, Y ¼ submetacentric) and 4 subspecies (P. p. clarus, P.p. mollipilosus, P. p. olivaceus, and P. p. trumbullensis) from the Basin and Range and Colorado Plateau provinces (2N ¼ 54, FN ¼ 70-76, X ¼ subtelocentric, Y ¼ acrocentric). One or more of the latter 4 subspecies were either identical or similar to specimens of P. a. inexpectatus (undifferentiated from P. p. mollipilosus and P. p. olivaceus from Lassen and Mono counties, California, respectively); and 2 specimens of P. p. xanthonotus were undifferentiated from P. p. clarus from Duchesne County, Utah.
Second, preliminary studies revealed divergent mtDNA lineages embedded within P. parvus (Riddle 1995; Ferrell 1997 ), but each of those studies had limited geographic sampling that prevented robust estimates of the geographic distribution of lineages. In addition, those mtDNA-only studies were not capable of addressing whether the mtDNA gene tree represented an accurate estimate of species-level divergence history. Herein, we resolve each of these issues by increasing geographic sampling (Fig. 1) , and using both mtDNA and nuclear DNA (nDNA) sequences to address phylogenetic and biogeographic structure within the P. parvus species group, and propose revision of the nominate species and recognition of a new species. We also use morphometric analyses to address whether groups of populations that are divergent at a molecular level are morphologically diagnosable as well.
MATERIALS AND METHODS
Genetic samples and laboratory methods.-We collected or acquired 53 tissue samples from 27 sites ( Fig. 1 ; Table 1 ; Appendix I). These samples included 51 P. parvus from 26 FIG. 1.-General sampling localities (numbered), and distributions of major northern (large dark gray circles) and southern (white circles) clades in the Perognathus parvus species group. Morphological samples are shown as smaller gray circles. The locality numbers correspond to those listed in Appendix I and Fig. 2 . The inset with small dark gray circles represents known museum records of P. parvus and P. alticolus downloaded from the MaNIS database. The overall distribution of P. parvus is indicated in lighter shading, modified from Hall (1981) . Stars represent approximate locations of the fossil sites of the extinct taxon P. stevei discussed in the text (S1 ¼ The Dalles, Oregon; S2 ¼ Oregon-Washington state border) and of P. parvus (P1 ¼ Jeppson and Kennewick Roadcut sites; P2 ¼ Hidden Cave; P3 ¼ Smith Creek Cave; P4 ¼ Owl Cave; P5 ¼ Dirty Rock Shelter). sites in 8 states, and 2 samples of P. a. inexpectatus from 1 site in the Tehachapi Mountains of California. The San Bernadino Mountains population, P. a. alticolus, remains unsampled and could be extinct (Linzey and Hammerson 2008) . Samples were collected according to the American Society of Mammalogists guidelines for handling of wild mammals (Sikes et al. 2011) and research was conducted under University of Nevada, Las Vegas, Institutional Animal Care and Use Committee protocol R 0709-244.
We extracted total genomic DNA using the DNeasy extraction kit (Qiagen Inc., Valencia, California) standard protocol. We used primers L8618 and H9323 (Riddle 1995) to amplify and sequence 699 base pairs (bp) of the mtDNA cytochrome oxidase subunit 3 (COIII) gene. We used newly designed primers IRBP_18La (TCA GAC ACT GGC CCA CGT) and IRBP_20H (ACA GAG TCG ATC AGG GCA CT) to amplify the nDNA interphotoreceptor retinoid-binding protein (IRBP) gene, and sequenced 1,062 bp of IRBP using the mentioned primers as well as internal primers 761E and 878F (Jansa and Voss 2000) . We used primers R2-283 and R2-1415r (DeBry 2003) to amplify and sequence 1,002 bp of the nDNA recombination activating gene 2 (RAG2) gene. The polymerase chain reactions were run at annealing temperatures of 558C in 30 cycles (COIII), 558C in 45 cycles (IRBP), and 528C in 45 cycles (RAG2) using Ex Taq Polymerase Premix (Takara Mirus Bio, Inc., Madison, Wisconsin), and products were purified with ExoSAP-IT (USB Corp., Cleveland, Ohio). We conducted fluorescence-based cycle sequencing for forward and reverse strands using ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit version 3.1, with electrophoresis on an ABI 3130 automated sequencer (Applied Biosystems, Inc., Foster City, California). We aligned sequences using Sequencher version 4.9 (Gene Codes Corp., Inc., Ann Arbor, Michigan), verified alignments manually, and converted to amino acids to verify open reading frame integrity.
Genetic diversity analyses.-We calculated mean pairwise sequence divergences (uncorrected p-distances) using Mega version 5 (Tamura et al. 2011) . The IRBP and RAG2 genotypes were converted to haplotypes using the program Phase version 2.1.1 (Stephens and Donnelly 2003) , and run for 100 iterations using default parameters. Three replications with a different starting seed yielded consistent data sets.
We imported the COIII, IRBP, and RAG2 data sets to the program Collapse version 1.2 (Posada 2006 ) to obtain unique haplotypes. We ran the 3 haplotype data sets in jModelTest version 0.1.1 (Posada 2008) to acquire the best-fitting models under the Akaike information criterion (AIC- Posada and Buckley 2004) . We conducted maximum-likelihood analyses using the program Treefinder (Jobb et al. 2004) , and used the ''Bootstrap Analysis'' option with 1,000 replicates to build a tree. In MrBayes version 3.2.1 (Ronquist and Huelsenbeck 2003) we ran the COIII haplotype data unpartitioned and partitioned by codon positions (1st þ 2nd, 3rd) and applied the Bayes factors method (Nylander et al. 2004 ). We ran the IRBP and RAG2 haplotype data unpartitioned because of the low variability of the 1st þ 2nd codon positions. For the Bayesian inference runs we left the Metropolis-coupled Markov chain Monte Carlo on default. The 50% majority-rule consensus tree and associated posterior probabilities used for final interpretations were based on 3 runs of 5 million generations each. Trees were sampled every 100 generations with the first 25% of sampled trees discarded as burn-in after confirming chain stationarity using the program Tracer version 1.5 .
As outgroups (Appendix II), we included Chaetodipus formosus as a member of the sister genus to Perognathus, with the 2 collectively comprising the subgenus Perognathinae. We also included P. amplus, P. fasciatus, P. flavescens, and P. longimembris as representatives from each of 3 species groups (sensu Williams 1978) within Perognathus (Alexander and Riddle 2005; Hafner et al. 2007; Neiswenter and Riddle 2010) .
Divergence dating.-To estimate the basal divergence of the P. parvus species group, as well as divergence of the major clades within this taxon, we obtained sequences from GenBank (Appendix II) for representative heteromyid rodents for cytochrome b (Cytb; 1,140 bp), COIII (685 bp), and IRBP (1,130 bp), and we generated sequences for RAG2 (1,002 bp). Although Cytb was not used in other phylogenetic analyses in this study, Cytb sequences were available for a variety of heteromyid rodents in GenBank, allowing us to analyze an additional gene for which we could use fossil calibrations for heteromyids. Inclusion of this range of taxa allowed us to utilize a fossil calibration that previously has been employed in the Heteromyidae and placed as the earliest perognathine fossil at the base of Perognathinae at 22-20 mya (Hafner et al. 2007; Riddle 2010, 2011) . For specimens of P. parvus, we used 1 representative per phylogroup as determined in the genetic divergence analyses in this study. We designated 3 taxon groups for analysis as all representatives of the Perognathinae, the genus Perognathus, and major clades within the P. parvus species group. To examine whether divergence in P. parvus resulted from accelerated rates of evolution, we tested for clocklike evolution. We used relaxed clock simulations, where uncorrelated lognormal relaxed clock standard deviation (ucld.stdev) values closer to 0.0 indicate clocklike evolution among lineages and values greater than 1.0 are considered to have heterogeneous rates of evolution among lineages ).
We estimated divergence times among these heteromyids in the program Beast version 1.7.5 . We employed a lognormal prior with a standard deviation of 1 and a relaxed, uncorrelated lognormal clock. We ran simulations with trees linked but unlinked substitution models and clock rates and constrained taxon sets to all Perognathinae (C. formosus þ all Perognathus), all of Perognathus, and P. parvus clades. All analyses were partitioned by codon (1 þ 2 þ 3) to account for increased rates of substitution in the 3rd codon position because all genes included are coding regions and thus partitioning by codon is more appropriate for Beast analyses ). We estimated the most appropriate models of evolution and prior parameters using the AIC as implemented in Mega version 5 (Tamura et al. 2011 ). Because we used 1 representative per taxon or clade, we applied the Yule Process tree prior and ran all analyses 3 times for 10 7 Markov chain Monte Carlo chains that were sampled every 1,000 iterations. We pooled all iterations using Logcombiner version 1.4.8 . We imported the resulting log files into Tracer version 1.4.1 and used the effective sample sizes to evaluate the estimates of posterior distributions. The first 10% of generations were discarded as burn-in. We generated the summary of output trees with TreeAnnotator version 1.4.8 and discarded the first 1,000 trees as burn-in.
Morphometric analyses.-For morphometric analyses, we measured 339 specimens, including 325 specimens representing 8 subspecies of P. parvus, 10 specimens of P. a. inexpectatus, and 4 of P. a. alticolus (Appendix I). We divided the specimens of P. parvus a priori into groups defined according to genetic analyses in this study. We ran 2 sets of analyses: 1 that treated P. alticolus as a separate group, and 1 that included them within one of the genetically defined P. parvus groups. All specimens were adults as indicated by tooth wear, reproductive status, condition of pelage, or a combination of these.
For each specimen we recorded total body length, tail length, hind-foot length, and body mass from specimen tags. We measured the following 15 skull and mandible characters with Mitutoyo Digimatic calipers (Mitutoyo America Corp., Aurora, Illinois) to the nearest 0.01 mm: length of skull, skull depth, length of nasals, bulla length, length of upper diastema, length of maxillary toothrow, width of rostrum, zygomatic breadth, least interorbital breadth, cranial breadth, greatest width of interparietal, width between P4 and P4, width between M3 and M3, length of mandible, and length of mandibular toothrow. Statgraphics Centurion XVI version 16.0.03 (StatPoint Technologies, Inc. 2013) was used for all morphometric analyses.
We used principal component analysis (PCA) to compare the genetically delineated groups within P. parvus and to compare these groups to P. alticolus. We saved factor scores of the first 3 principal components (PCs) and conducted an analysis of variance (ANOVA) on each group to test for group effect. We used discriminant function analysis (DFA) to ascertain the degree to which individuals were assignable to a priori delineated groups within P. parvus and to compare these groups to P. alticolus (Dillon and Goldstein 1984) .
RESULTS
Mitochondrial DNA.-The reduced data set resulted in 43 unique COIII haplotypes within the P. parvus species group, plus outgroup haplotypes. jModelTest indicated that the bestfit models were GTRþC for the unpartitioned data, and HKYþI (1st þ 2nd codon positions) and GTR (3rd codon positions) for the partitioned data. The Bayes factors guided us to choose the partitioned scheme over the unpartitioned scheme for the COIII data set (harmonic mean of the posterior probability distribution for partitioned data ¼ À4,312.33 and unpartitioned data ¼ À4,632.93); however, these models produced similar topologies. Both Bayesian inference and maximum-likelihood analyses resulted in the same general tree structure, split basally into 2 highly distinct and reciprocally monophyletic clades-one with a northern distribution and the other with a southern distribution (hereafter, northern clade and southern clade [ Fig. 2] ). Within the northern clade (n ¼ 15) we detected 13 haplotypes and within the southern clade (n ¼ 36) 30 haplotypes.
A unique but not highly divergent haplotype was revealed in P. alticolus (haplotype 27 [ Fig. 2] ). We detected a 13.1% mean pairwise-uncorrected sequence divergence between the northern and southern clades after a standard correction for withinclade diversity (Avise 2000) . However, the maximum uncorrected sequence divergence between northern and southern haplotypes was 18.8%. Both clades are divided into several subclades, but with substantially greater divergence in Table 1 and Fig. 1 ) where a particular haplotype was found. The southern clade is bracketed with a white bar; the northern clade is subdivided into 3 subclades (light gray, dark gray, and black bars). A haplotype of P. alticolus is indicated with an asterisk (*). The gray rectangle highlights the only locality where co-occurrence of a southern and a northern haplotype was detected. The node labels represent nodal support for the main clades using nonparametric bootstrap values for maximum-likelihood (bootstrap values [BS]; numbers above) and Bayesian inference analyses (posterior probabilities, numbers below). Missing node labels indicate support , 50. Scale bar indicates substitutions per site.
the northern clade (a maximum of 8.8% sequence divergence) than in the southern clade (no greater than 1.2% within the southern clade).
The northern clade is distributed primarily north of the Blue Mountains on the Columbia Plateau in northern Oregon and Washington ( Fig. 1) , but extends at least as far south as locality 3, south of the Snake River in southwestern Idaho. The southern and eastern extent of distribution of the northern clade remains unknown pending further sampling across the majority of the Snake River Plain in Idaho. Locality 13, near Redmond, Oregon, is thus far the only known point of sympatry between northern and southern clades. Subclades within the northern clade appear to be geographically structured, but major river drainages do not appear to form insurmountable barriers (Fig.  1) .
Distribution of the southern clade includes the entirety of the Great Basin, the southern portion of the Columbia Plateau in Oregon, the Colorado Plateau in Utah and Arizona, and intermontane basins in western Wyoming (Fig. 1) . Samples of P. a. inexpectatus at locality 27 are not notably differentiated from southern clade P. parvus (Fig. 2) , extending the distribution of this clade south at least to the Tehachapi Mountains of southern California. Even though the total geographic expanse of the southern clade far exceeds that of the northern clade, maximum detected sequence divergence was only 1.2% (versus 8.8%).
Nuclear DNA.-For IRBP, the collapsed data set resulted in 33 unique haplotypes and 45 polymorphic sites within the P. parvus species group. For RAG2, the collapsed data set resulted in 12 unique haplotypes and 14 polymorphic sites. For both genes, jModelTest chose as the best-fit model HKYþC. The general tree structure (including the 2 major clades and 3 subclades within the northern clade) is concordant between the 2 nuclear genes (Fig. 3) and with the mtDNA tree (Fig. 2) . Pairwise uncorrected sequence divergences for IRBP and RAG2 between northern and southern clades, corrected for within-clade diversity, are 0.8% and 0.3% (mean); and 1.4% and 0.6% (maximum). Maximum sequence divergences for IRBP and RAG2 within the northern clade are 0.7% and 0.2%, whereas maximum values in the southern clade are 0.4% and 0.2%. Two IRBP haplotypes occurred in P. alticolus, 1 unique but not overly divergent and 1 shared with 6 other populations of southern clade P. parvus (Fig. 3a) . The most frequent RAG2 haplotype in southern clade P. parvus also was shared by P. alticolus (Fig. 3b) .
Divergence dating.-The best-fit models of evolution estimated in Mega version 5 were GTRþIþC for COIII, GTRþC for Cytb, JC for IRBP, and T92 for RAG2. We used MVZ 197331, 197332 MVZ 197331, 197332 the models available in the Beast version1.7.5 analyses that were most similar to these (GTRþIþC, GTRþC, HKY, and HKY, respectively), and effective sample size values were high (. 300), indicating good reliability in the estimates. Deep divergence in P. parvus is unlikely to have been the result of accelerated evolution relative to other perognathine clades, because Beast version 1.7.5 revealed relatively clocklike evolution across perognathine clades as indicated by the low standard deviation of the uncorrelated lognormal relaxed clock (ucld.stdev) value (0.19). Nodes on the tree for the 3 designated taxon groups (Fig. 4) Morphometric analyses.-Specimens of P. parvus examined for the morphometric analyses were assigned to the northern or southern groups when they geographically fell within the leastsquare polygon of genetically identified individuals; the northern group had 191 specimens and the southern group had 108 specimens. Fourteen specimens representing P. alticolus were addressed as a separate group even though they fell genetically within the southern group. Twenty-six additional specimens (see Appendix I) that were measured were considered ''unsure'' (i.e., of unknown genetic designation and falling outside the least-square geographic polygons of the northern and southern groups) and therefore were removed prior to conducting PCAs and DFAs.
The 1st set of analyses was conducted including P. alticolus within the southern P. parvus clade. The first 3 PCs explained 36.8%, 10.2%, and 8.2% of the total variance, respectively (Appendix II). The ANOVA revealed that PC1 and PC3 significantly differentiate among groups (P , 0.05), whereas PC2 does not (P . 0.05). However, plotting PC1 against PC3 (Fig. 5A ) did not reveal a strong depiction of group separation for northern versus southern groups, nor for P. alticolus relative to either of these.
Although the northern and southern groups easily are distinguished based on genetics, DFA of morphometric characters (Appendix IV) resulted in only 86.26% overall separation among the 3 a priori groups (Fig. 5B) . For the northern group, 89.01% of specimens were correctly classified into their a priori group. For the southern group, 79.63% of specimens were correctly classified into their a priori group; 4 of the misclassified specimens were classified as P. alticolus, but 3 of these were from Oregon and 1 from northern California so can be ruled as not belonging to that species on geographic criteria. All P. alticolus were correctly classified into their a priori group. In accord with the nondefinitive rate of correct classification into their a priori groups, no set of morphological characters was found that could robustly be used to identify specimens of P. parvus as belonging to the northern or southern genetic groups. A 2nd set of analyses, treating P. alticolus as a 3rd group, differed very little from the 1st.
DISCUSSION
The maximum mtDNA sequence divergence of 18.8% between haplotypes from northern and southern clades in the P. parvus species group is noteworthy, and exceeds maximum levels of sequence divergence (mtDNA coding genes Cytb or COIII) reported between genetically and geographically separate lineages embedded within other heteromyid species. For example, Cytb divergence between 2 lineages in Microdipodops pallidus is about 8% (Hafner et al. 2008) , whereas that between lineages in Heteromys desmarestianus is about 16% (Rogers and Gonzalez 2010) . Indeed, this level of divergence exceeds that between 2 morphologically distinct species within Microdipodops (Cytb, about 13%-Hafner and Upham 2011), and is comparable to that between P. fasciatus and the P. flavescens and P. apache lineage in the Perognathus fasciatus species group (COIII, about 18%-Neiswenter and Riddle 2011) and between P. flavus and a cryptic southern lineage in the Perognathus flavus species group (COIII, about 19%-Neiswenter and Riddle 2010). We provided evidence through a Beast analysis that divergence between northern and southern clades is not likely due to an accelerated rate of evolution relative to other perognathine heteromyids; rather, it probably represents a temporally old lineage divergence within a late Miocene time frame. Questions of interest therefore include landscape evolution that might have driven a lineage divergence of this magnitude, and whether all available sources of evidence warrant recognition of northern and southern clades as separate species.
No molecular-based phylogenies to date (e.g., Alexander and Riddle 2005; Hafner et al. 2007 ) have provided a robust estimate of the sister clade to the P. parvus species group, although all have indicated that both this group and the P. fasciatus species group represent separate divergences relative to the well-supported sister-group relationship between the P. flavus and P. longimembris species groups. We can infer from Hafner et al. (2007 Hafner et al. ( :1137 figure 3 ) that the split between the P. parvus species group and other extant Perognathus species groups occurred about 17-15 mya. As such, the clade containing the P. parvus species group would have existed as a distinct lineage for some 5 million years prior to the split between the extant northern and southern clades.
The estimated origin of the clade containing P. parvus at about 17-15 mya (and indeed, the origin of the genus   FIG. 4. -Time of divergence estimates for 3 taxon sets as designated for analysis in Beast version 1.7.5. These estimated dates were generated from a concatenated analysis of sequence data from the mitochondrial genes cytochrome oxidase subunit 3 (COIII) and cytochrome b (Cytb), and nuclear genes interphotoreceptor retinoidbinding protein (IRBP) and recombination activating gene 2 (RAG2). A fossil calibration was placed at the root of the Perognthinae at 22-20 mya (Hafner et al. 2007 ). Previous molecular phylogenetic analyses (e.g., Alexander and Riddle 2005; Hafner et al. 2007 ) have been unable to robustly support the sister clade to the Perognathus parvus species group, and we are not implying robust support for that specific relationship in this tree. Perognathus at about 17.6 mya [Hafner et al. 2007 ]) coincides with topographic and climatic change in western North America. First, the episode of most rapid high-angle block faulting expansion of the Great Basin, and deposition of Columbia Plateau and Snake River Plain basalts (Dickinson 2006) , occurred within a time frame of about 17.5-14 mya, creating the topographically more complex landscapes generally associated with episodes of accelerated diversification of mammalian biotas (Kohn and Fremd 2008; Finarelli and Badgley 2010) . Second, following the mid-Miocene climatic optimum about 16-15 mya (Zachos et al. 2001) , ongoing plateau uplifting in the American West (Colorado Plateau) and Tibet are postulated to have driven a cooling trend and increasing seasonality of climate resulting in a more xeric flora emerging between about 15 and 8 mya (Wing 1998 ). This shift in biomes would have favored the rapid diversification of granivores, such as most extant perognathine heteromyids, that have the capacity to exploit a higher frequency of seedproducing xeric shrubs and grasses. Additionally, taxa such as the P. parvus group would have been capable of entering torpor in more seasonal and cooler climates (French 1993) . The temporal and spatial context of origination of northern versus southern clades in the P. parvus species group is consistent with the late Miocene fossil record. The extinct taxon P. stevei, described from Hemphillian North American Land Mammal Age specimens in deposits east of The Dalles, Oregon ( Fig. 1, star S1 ; Carrasco et al. 2005) , was considered similar to extant P. parvus by Martin (1984) in degree of hypsodonty, dentary shape, and several molariform tooth traits, and although differences in traits could be found, he concluded that (p. 104) ''none of these differences precludes P. stevei from the ancestry of the Recent species [P. parvus] . . . .'' The Hemphillian North American Land Mammal Age spans about 10-5 mya, placing these specimens near the estimated time of divergence of northern and southern clades. We would postulate based on spatial (Fig. 1 ) and temporal evidence that P. stevei is either a representative of the P. parvus clade prior to divergence of the northern and southern clades, or an early representative of the northern clade. In either case, the Miocene location of P. stevei at the Oregon-Washington state border and north of the Blue Mountains ecoregion (Fig. 1, star S2 ; Griffith and Omernik 2009), in connection with evidence from this study of deep lineage divergence of subclades within the northern clade, collectively support the hypothesis that the northern clade has persisted across large expanses of the Columbia Plateau since late Miocene and Pliocene time. The subclades appear to be geographically structured, but more sampling will be required to develop a detailed picture of phylogeographic structure across this region. However, the glacial cycles of the Pleistocene did not appear to have driven populations of the northern clade into a single refugium, which would likely have both reduced intraclade diversity and erased the recovered geographic structuring among subclades.
Northern clade specimens near Murphy, Idaho (locality 3), on the western Snake River Plain appear at 1st somewhat anomalous. However, intermittent connectivity could be postulated via either lower elevation habitat patches within the easternmost Blue Mountains ecoregion habitat mosaic (Griffith and Omernik 2009) , for example, in the direction of locality 14; or around the southern edge of this ecoregion, connecting with more western (e.g., locality 13) populationsonce again details await more detailed geographic sampling. We suspect that these connections might become more or less restricted in concert with Pleistocene climatic oscillations, and that the relative uniqueness of the mtDNA haplotypes in the vicinity of locality 3 (Fig. 2) result from intermittent episodes of geographic isolation.
There seemingly is more continuous habitat connectivity between locality 3 and localities that are occupied by the southern clade populations to the west, south, and southeast, so it is unclear why locality 3 is not occupied by the southern clade. The detailed phylogeographic structure and analyses that would address the history of the southern clade in these northernmost localities are beyond the scope of this study, but will eventually shed light on this question. Currently, what we can infer is that, in contrast to intraclade structure within the northern clade, haplotype divergence and subclade depth are much shallower within the southern clade, although total numbers of haplotypes are quite high (Fig. 1) . This starkly contrasting intraclade structure suggests a profoundly different biogeographic history between northern and southern clades. One possibility would be that, during the Quaternary climatic oscillations, the northern clade retained a widespread geographic distribution and geographic isolation between subclades, whereas the southern clade was purged of haplotype diversity through contractions into 1 or more glacial-age refugia.
The known Glacial or late Wisconsin fossil record (Graham and Lundelius 2010) includes several locality records of interest for P. parvus. Jeppson and Kennewick Roadcut sites in Benton County, Washington (Fig. 1, star P1) , are both within the current distribution of the northern clade. Hidden Cave in Churchill County (Fig. 1, star P2) , and Smith Creek Cave in White Pine County (Fig. 1, star P3) , Nevada, are both within the current distribution of the southern clade. At about 10 thousand years ago (kya), fossils in Owl Cave, Bonneville County, Idaho (Fig. 1, star P4) , on the far eastern edge of the Snake River Plain, provide evidence for the widespread distribution of P. parvus by the end of the Pleistocene. By the late Holocene about 3-2 kya, fossils of P. parvus located within the southern clade distribution occur on the southern Columbia Plateau at Dirty Rock Shelter, Malheur County, Oregon (Fig. 1, star P5) .
The deep mtDNA genealogical separation between northern and southern lineages in the P. parvus species group justifies exploration for ancillary evidence (e.g., from the nuclear genome, morphological differences, etc.) that they represent separate species under application of either a Genetic Species Concept approach as formulated for mammals (Baker and Bradley 2006) or a Genealogical Concordance Species Concept (Avise and Ball 1990) . Herein, we have demonstrated concordance between a mitochondrial and 2 nuclear gene trees in the identification of separate southern and northern clades. Therefore, we argue that all 3 of these gene trees are each tracking the same history of divergence between the 2 clades. Sympatry of both clades at locality 13, and 2 southern clade specimens at locality 17 to the north of locality 13, without demonstrable erosion of nuclear and mitochondrial concordance, provides provisional evidence for recognition of separate species under a Biological Species Concept (Mayr 1942) as well. More sampling at this and other potential contact zones will be required to verify absence of significant hybridization and introgression. However, even if some hybridization occurs between northern and southern lineages, we believe that our overall sampling across the geographic range of the parvus species group is sufficient to establish a pervasive historical absence of introgression between northern and southern clades.
We therefore argue that because of a long history of differentiation forming evolutionarily and biogeographically separate mitochondrial and nuclear lineages, the northern and southern clades should be considered as separate species. Because of the absence of diagnostic morphometric differentiation, these species will be difficult or impossible to diagnose from morphological characters, and can be added to a growing list of ''cryptic'' lineages, some already formally recognized as separate species, of heteromyid rodents (Lee et al. 1996; Riddle et al. 2000; McKnight 2005; Hafner et al. 2008; Riddle 2010, 2011; Rogers and Gonzalez 2010; Hafner and Upham 2011) . Although the northern clade also is subdivided into what appear to be geographically distinct subclades, the current level of geographic sampling and analysis of hybridization is not sufficient to argue for separate species at this level.
The remaining taxonomic issue concerns the status of P. alticolus. Examination of available data would argue for inclusion of this taxon within the new southern species given an absence of notable nuclear, mitochondrial, or karyotypic differentiation, although the DFA indicated a relatively clear morphometric differentiation (Fig. 5B) . However, 1 of the 2 known sets of allopatric populations (P. a. alticolus) remains unsampled, and given that the species is formally designated ''endangered'' on the IUCN Red List, we prefer to retain it as a separate species pending additional sampling.
After thorough search for original holotypes, we believe that both have been lost, and therefore have elected to designate 2 neotypes according to Article 75 of the 4th edition of the International Code of Zoological Nomenclature (International Commission on Zoological Nomenclature 1999), and provide formal descriptions below.
Perognathus mollipilosus (Coues, 1875) Great Basin Pocket Mouse Perognathus mollipilosus Coues, 1875:296 Fisher and Ludwig (2012) , the museum number is incorrect; it is a Scalopus aquaticus in the Skin Catalog, and a Podiceps in the Bone Catalog. The USNM 7339 catalog entry matches published data for this holotype, but attempts to locate that specimen were unsuccessful (Fisher and Ludwig 2012; A. L. Gardner, USNM, pers. comm.) . Osgood (1900) listed 5 specimens from Fort Crook; we therefore chose a representative from this series to represent a neotype for the southern clade. Our choice was based on a high-quality intact specimen, and availability of skin snip material for sequencing of a diagnostic stretch of DNA.
Neotype.-USNM 36760/49145, adult male; California, Shasta County, Fort Crook, 3,000 ft., 41.08N, 121.448W.
Diagnosis of neotype.-Perognathus mollipilosus is not currently easily distinguishable from P. parvus (revised diagnosis) by diagnostic morphological characters (this study). However, it is distinguishable by up to 18.8% mtDNA divergence and 0.8% divergence in 2 nDNA gene sequences (IRBP and RAG2). A short sequence of 44 bp from the mtDNA COIII gene was generated from skin snips removed from the neotype (methods and primers available upon request), and is included here as part of the species diagnosis: GCTCGACAAATTCTCTTCCACTTCACCTCAA CCCACCACTTTGGATTTGAAGCAGCCGCC. This sequence differs by a maximum of 2 mutations from any other P. mollipilosus (i.e., southern clade [ Fig. 2]) , and by 12 mutations from the sequence for the neotype of P. parvus.
Description of neotype.-The following external measurements were recorded from specimen tags (in millimeters): total length, 165; tail length, 87; and hind-foot length, 22.0. The following 15 skull and mandible characters were measured to the nearest 0.01 mm: length of skull, 25.10; skull depth, 7.90; length of nasals, 9.79; bulla length, 7.51; length of upper diastema, 5.69; length of maxillary toothrow, 3.47; width of rostrum, 3.96; zygomatic breadth, 11.75; least interorbital breadth, 5.53; cranial breadth, 12.72; greatest width of interparietal, 5.99; width between P4 and P4, 1.77; width between M3 and M3, 2.34; length of mandible, 11.24 ; and length of mandibular toothrow, 3.13.
The neotype was collected 8 September 1892. Pelage hairs of the dorsum are multibanded. They have black (7.5YR 2/0, where YR ¼ Yellow/Red, 7.5 ¼ the type of Yellow/Red, and 2/ 0 ¼ the shade of 7. 5YR, according to Munsell Color [1975] ) tips, a narrow band of very pale brown (10YR 8/4) medially, and a wide band of gray (10YR 5/1) proximally. Hairs of the sides are bicolored with equal lengths of very pale brown (10YR 8/4) distally and gray (10YR 5/1) proximally. Hairs of the venter are all blond-white (10YR 8/1). The tail has a dark dorsal stripe of bicolored hairs with equal lengths of black (7.5YR 2/0) distally and very pale brown (10YR 8/4) proximally for the anterior three-fourths of the tail. For the remaining one-fourth of the distal stripe, the hairs are all gray (10YR 5/2). The remainder of the tail matches the blond-white of the venter pelage color.
Distribution.-The known distribution of P. mollipilosus ranges from central and southern Oregon south and west of the Columbia and Snake rivers, southward through northeastern and south-central California, most of Nevada and Utah west of the Colorado River, southwestern Wyoming, and northern Arizona. Distribution of P. mollipilosus overlaps with that of P. parvus in 1 examined locality from north-central Oregon (Jefferson County, 10 mi. N, 5 mi. E Redmond) . It is currently unknown if P. mollipilosus occurs on the central and eastern Snake River Plain in Idaho.
Genetics. -Williams (1978) provided karyological data for 6 female and 1 male specimens from within the geographic range of this species: diploid, 2N ¼ 54; FN ¼ 70-76; X ¼ large subtelocentric; Y ¼ acrocentric. There is less than 1.2% mtDNA haplotype divergence among populations (this study).
Specimens examined. Remarks. -Osgood (1900) , in his revision of the pocket mice, was unable to locate a type specimen for P. parvus, but reasoned from the travels of previous expeditions that it was likely to have been collected at or near The Dalles, Wasco County, Oregon. Cassin (1858) listed the holotype as an alcoholic preserved young female, but neither date of collection nor collector is known. Fisher and Ludwig (2012) indicate that this specimen was part of a United States Exploring Expedition collection that later became part of the USNM. Subsequently, neither Lyon and Osgood (1909) nor Poole and Schantz (1942) listed a representative type specimen. Recent attempts to locate the type at the USNM were unsuccessful (Fisher and Ludwig 2012; A. L. Gardner, USNM, pers. comm.).
We were unable to retrieve genetic samples from specimens collected from the type locality because tissues from available museum specimens were too old and degraded, and collection efforts yielded no specimens because habitat in the vicinity of The Dalles has been substantially altered by agriculture and is now likely unsuitable for P. parvus. We therefore chose a representative neotype from a nearby population that represents the geographic distribution of the northern clade. Our choice was based on a high-quality intact specimen, and availability of skin snip material for sequencing of a diagnostic stretch of DNA.
Neotype.-University of Washington Burke Museum of Natural History and Culture (UWBM) 47119, adult male; Washington, Walla Walla County, 3 mi. N, 46.088N, 118.678W.
Diagnosis of neotype.-Perognathus parvus (revised diagnosis) currently is not easily distinguishable from P. mollipilosus by diagnostic morphological characters (this study). It is diagnostic by up to 18.8% mtDNA divergence and 0.8% nDNA divergence in 2 nDNA gene sequences (IRBP and RAG2). A short sequence of 44 bp from the mtDNA COIII gene was generated from skin snips removed from the neotype (methods and primers available upon request), and is included here as part of the species diagnosis: ATCCGAC AAATTCTCTTCCACTTCACTTCCTCTCATCATTTCGGA TTCGAAGCAGCGGCT. This sequence differs by a maximum of 1 mutation from any other P. parvus from the subclade in the northern clade that represents localities 22, 23, and 24 (Fig. 2) , and by 12 mutations from the sequence for the neotype of P. mollipilosus.
Description of neotype.-The following external measurements were recorded from specimen tags (in millimeters or grams): total length, 165; tail length, 93; hindfoot length, 27.0; and body mass, 20. The following 15 skull and mandible characters were measured to the nearest 0.01 mm: length of skull, 24.70; skull depth, 8.42; length of nasals, 9.06; bulla length, 8.91; length of upper diastema, 5.48; length of maxillary toothrow, 3.93; width of rostrum, 4.09; zygomatic breadth, 11.70; least interorbital breadth, 5.42; cranial breadth, 13.00; greatest width of interparietal, 4.74; width between P4 and P4, 1.58; width between M3 and M3, 2.79; length of mandible, 10.50; and length of mandibular toothrow, 3.54.
The neotype was collected 23 July 1974. Pelage hairs of the dorsum are multibanded. They have black (7.5YR 2/0) tips, a very narrow band (1 mm wide) of very pale brown (10YR 8/3) medially, and a wide band of gray (10YR 6/1) proximally. Hairs of the sides are bicolored with equal lengths of very pale brown (10YR 8/3) distally and gray (10YR 6/1) proximally. Hairs of the venter are stark white. The tail has a dark dorsal stripe of scattered short hairs (2 mm) with equal lengths of black (7.5YR 2/0) distally and very pale brown (10YR 8/3) proximally for the anterior three-fourths of the tail. For the remaining one-fourth of the distal stripe, the scattered long hairs (5.5 mm) are all dark grayish-brown (10YR 4/2). The remainder of the tail matches the stark white of the venter pelage color.
Distribution.-The known distribution of P. parvus ranges from south-central British Columbia south through central and eastern Washington, northern and northeastern Oregon, and southwestern Idaho along the Snake River. Distribution of P. parvus overlaps with that of P. mollipilosus in 1 examined locality from north-central Oregon (Jefferson County, 10 mi. N, 5 mi. E Redmond). It is currently unknown if P. parvus occurs on the central and eastern Snake River Plain in Idaho.
Genetics. -Williams (1978) provided karyological data for 2 male and 2 female specimens within the geographic distribution of this species: diploid, 2N ¼ 54; autosomal arms, FN ¼ 104; X ¼ submetacentric; Y ¼ submetacentric. There is less than 8.8% mtDNA haplotype divergence among populations (this study).
Specimens examined.-Total number ¼ 202; genetics ¼ 15; morphology ¼ 191. See Appendix I for locality and accession information.
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